
290131

EXPLOSIVES REMOVAL FROM MUNITIONS WST-WATERS

B. W. STEVENS, R. P. MCDONNELL

ROHM. AND HAAS CO?*ANY, PHILAD2ELPHIA, PENNSYLVANIA

R. K. PXDREN, J. M. NYSTROM

U.S. ARMY NATICK DEVEOPMENT CENTRt, NATICK, MASSACHUSETTS

I"

,}sOCT 14 1975'

SL.i

A

koprod•od by

NATIONAL TECHNICAL ":
INFORMATION SERVICE

springiel.d, VA. 22151 '

PRESENTED AT

THE 30TH ANNUAL PURDUE INDUSTRIAL WASTE C0NFERENCh

MAY 6-7-8, 1975

-I/



* *

V '

Removal of Explosives

From Wastewater

by I
R. K. AndrenI, Roger McDonnell 2 , J. M. Nystroml, and Bruce Stevens 2

Pilot plant studies conducted at the Iowa Ammunition Plant, Burlington,

Iowa, have demonstrated a safe, practical and economical polymeric adsorption

process for removing trinitrotoluene (TNT) and other hazardous explosive

Laterials, such as DNT and nitrocresols, from waste streams. The loaded

adsorbent can be regenerated with solvent. To minimize operating costs,

the solvent can be easily recovered for reuse, leaving only a concentrated

aqueous sludge of explosive contaminants for ultimate disposal.

As a result of the success of this pilot-scale study, full-scale demon-

stration installations of the process are being planned for several ordnance

planto in this country. The same process is equally applicable to industrial

wasue streams containing aromatic nitrobodies.

1. Engineering Technology Group, Pollution Abatement Division, Food Sciences
Laboratory, U. S. Army Natick Development Center, Natick, Mass., 01760

2. Fluid Process Chemicals Department, Rohm and Haas Company, Philadelphia,
Pa., 19105
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Background

Generally, pollation in munitions plant waste water stems from washing

and steam cleaning operations. Waste water from a typical TNT manufacturing

J21 plant may contain from 40 to 120 ppm of TNT and lesser aimounts of 2,4, DNT.

K. Waste water from load, assemble and pack (LAP) facilities usually contain."

higher concentrations of TNT and other nitrobodies chiefly RDX (cyclotrimethyl-

enetrinitramine) and HMl (cyclotetrametlylenetetranitramine), which are con-

stituents of Composition B explosive. These nitrobodies are toxic, explosive

and frequently highly colored.

This pollution problem has been recognized for some time and has been dealt

A. with to some extent (Ref. 2). However, today stringent federal and state
R.

effluent standards requirL more effective control than has been accomplished

in the past.

Previous treatment of munitions waste has included neutralization, settling

and dilution. Neutralization and exposure to sunlight in open settling basins

causes effluents to have a deep pink color. Biological treatment is partially

effective, but complete breakdown of the TNT molecule to harmless products has

not proved successful. Also, there is some evidence that the presence of TNT

may actually inhibit the performance of a conventional activated sludge system.

Chlorination, ozonalysis and liquid-liquid extraction have also been proposed

as possible solutions.

In general the technique which has been found to be most effective is

fixed-bed adsorption followir.nI clarification and filtration to remove suspended

j solids. Activated carbon adsorbent is used at a number of munitions installa-

tions. This material ausorbs a wide variety of organic materials including

TNT. However, the use of activated carbon to remove nitroaromatic materials /

, - --
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•I poses difficult problems, ';onventioral thermal regeneration is not practiced

I because of the hazard involved. Limited success has been attained with ool-

vent regeneration using tý,lucne, but large volumes of solvent are required,

and regeneration effectivoncs diminishes rapidly. After only about three

cycles of operation, tht capacity of the carbon cannot be restored. As re-

sult, those installations presently ý'mploying activated carbon make no attempt

"to regenerate. Rather they discarzd the loaded adsorbent and replace it with

fresh material. Of course, handling the TNT-loaded carbon is itself a delicate

"task involv';.ig %i occupational hazard. Frequently wax, used as a desensitizer

in Composition B, slips through the prefilters and causes the activated carbon

to cake. When this hapupens the TNT-loaded carbon bed must be loosened by

chipping and prying.

Polymeric Adsorbent Resins

In 1974 the Natick Laboratories (NLABS) conducted bench-scale studies of

the ability of a polymeric adsorbent to remove the nitrobodies from munitions

plant waste streams (Ref. 3). These studies indicated that this adsorbent not

only has excellent capacity for aromatic nitrobodies such as TNT, but also that

the adsorbent can be effectively regenerated to restore its original capacity

throughout many cycles of operation. Further, it appeared feasible that the

solvent regenerant used to remove the nitrobodies from the surface of the ad-

sorbent can be reclaimed for reuse, thus minimizing operating costs.

The polymeric adsorbents in question are manufactured by Rohm and Haas

Company under the trademark AmberlitP-. They consist of hard, insoluble,

porous resin beads formed from co-polymers of styrene and divinylbenzene or

acrylic esters. They are similar in physical structure to macroreticular ion

exchangc resins, but exhibit no ionic functionality. Having a high surface



area to weight ratio (Figu'-es 1 and 2), the resin beads employ Van der Waala

1.1 forces to effectively adsorb many water soluble organics. The process is

reversible, and the adsorbed organics can be desorbed from the surface of

"the resin by a number of polar organic solvents.

Pilot Study

As a result of the encouraging results of the Natick bench-scale tests,

Sthe U.S. Army contracted with the Fluid Process Chemicals Department of the

Rohm and Ilaas Company to perform an on-site pilot plant study of these new

adsorbents. Thý. Rohm and Haas Company's Fluid Process Services Group conducts

studies uf specific pollution problems in order to devise, design and install

pollution control facilities. Under the terms of the contract the group con-

ducted an on-site study to demonstrate the practicality of using polymeric ad-

sorbent resins to remove explosive residues from munitions waters and to rec-

ommend a full-scale system if the results of the study proved favorable. The

pilot plant operation was conducted at the Iowa Army Ammunition Plant (IAA?),

Burlington, Iowa during January and February of 1975.

The IAAP is a government-owned load, assembly and pack facility operated

by Mason & Hanger, Silas Mason Co., Inc. of Lexington, Ky. In addition to TNT,

' an aromatic nitrobody, wastewaters at this plant adoo contain the non-aromatic

nitrobodies RDX and HMX and other undefined contaminants.

The objectives of the pilot study were to evaluate the performance of

Amberlite XAD-4, the polymeric adsorbent which the NLABS experiments had indi-

cated as the most effective for removing TNT. Specifically these objectives

* were:

1. To determine resin capacity for three service and regeneration cycles
A

taken to a 1-ppm instantaneous TNT breakthrough.
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2. To determine resin capacit2y a saturation.

3. To evaluate several ion exchange ru-•iru, the polymeric adsorbent resin

and activated carb,.ri a ; poli:hirng agents for removing residual color and

residual non-aromatic aitrobudies from the effluent of the primary adsor-

bent column.

F To develop optimum adsorl,)ent regr.leration techniques.

5. To develop a method foyT recoverinlg thu solvent regenerant.
k Equip)mci:i ,x%,J Procedures i

SThe piJht i-lJat (Viguie 3) waz established at one of the waste treatment

facilities at the deoot. The uxisting treatment system consisted of two set-

tling tanks, two d4atomaceous earth filters and four activated carbon columns.

Waste water, for the study was drawn as needed from the effluent of the i
diatomaceous earth filters and stored in an 800-gallon polyethylene reservoir.

Two 4-inch stainless steel coluums containing Amberlite XAD-A were installed.

* Column #1 was used for the 3-cycle service and regeneration study. Its efflu-

ent was also used for the polishing study. The saturation study was conducted

with Column #2.

Positive displacement pumps metered the feed from the reservoir to the

L-inch columns at a rate of 1 gpa per cubic foot of adsorbent. The effluent

of Column #1 was split between four 1-inch glass coluxnns containing the polish-

ing agents and their effluent returned to the settling tank.

During the study, influent and effluent samples were collected every 8

hours. Samples were analyzed by liquid chromatctraphy to identify specific

nitrobody content. This relatively new measurement technique enables one to

* identify the specific nitrobodies in the stream down to a fraction of one part

S~~per mill-inn. Flow rates were also checked every 8 hours and verified by corn-..

parison with the volume of water iwithdrawn from the influent reservoir.
"per ..... lc
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Column #2 operated c>ntinuously throughout the test period to determine

the saturation poinr of the resin. Column #1 was run luntil TNT leakage reached

1 ppm. At that point it was regenerated with acetone. This procedure was re-

peated for three complete cycles of exhaustion and regeneration. Regeneration

procedures and results will be discussed later.

Adsorption Test Results

Preliminary investigations hpd shown that the polymeric adsorbent has a

greater affinity for aromatic nitrobodies, such as TNT than for non-aromatic

nitrobodies, ;uch as RDX. As the IAAF waste water contains both aromatic and

non-aromatic n.itrobodies cycling tests were run to a TNT breakthrough rather

than a total nitrobody end point. The purpose of the polishing columns was to

remove any residual non-aromatic nitrobodies.

Table I summarizes the data of the three-cycle, service-regeneration test

as well as the saturatiun investigations. For comparison purposes the table

also includes performance data of one of the plant's activated carbon columns

developed during an earlier study (Ref. 4). The volume of water treated is

expressed in bed volumes of resin to eliminate this parameter as a variable.

Figures 4 through 6 present daily data on influent and effluent concentra-

tions from Column #l. Similar data on the continuous saturation run of Column

* #2 are given in Figure 7. As shown in Table I, data for the first service run

of adsorbent Column #1 and the first portion of the simultaneous run on Column

#2 are remarkably similar to that for the activated carbon.

A slight loss of total capacity of the polymeric adsorbent is noted during

cycles 2 and 3. The possibility that this was caused by incomplete regeneration

of the adsorbent cannot be ruled out. However, previous studies of a similar

resin, Amberlite XAD-2, indicated that it was capable of undergoing continuous

r_77
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regeneration cycles without any significant decrease in adsorption efficiency

(Ref. 2). Figure 8 siiows the multiple regeneration efficiency of this poly-

meric adsorbent (Ref. 5). Breakthrough of 1 ppm TNT occurred at approximately

230 bed volumes during the first cycle. Breakthrough occurred at approximately

175 bed volumes for each of the next 9 succeeding cycles indicating that tr

equilibrium had been attained in which the organic pollutants were adsorbed

and desorbed with equal efficiency. This study was conducted for 15 cycles

with no loss of adsorption efficiency before being discontinued.

Analysi.i f the data from the pilot study suggests an explanation for the

capacity variations. Whereas previous laboratory studies were conducted on

influents containing constant concentrations of only TNT, the pilot study was

conducted on actual plant waste waters which contained other nitrobodies as

well, and varying concentrations of each. It appears likely that the poly-

meric adsorbent's capacity for TNT depends upon the influent concentration of

the various nitrobodies.

During cycle #2, lower concentrations of nitrobodies were introduced at

the same flow rate as cycles #1 and #3, thus providing longer contact times

with the adsorption sites. The possibility that this resulted in preferential

adsorption of TNT could be inferred from the fact that during this cycle

capacity was greater for TNT and lower for RDX than in the other two cycles.

In cycle #3 the total influent concentration of nitrobodies was similar

to that in cycle #1. Although the total capacity of cycle #3 is lower than

that of cycle #1 or #2, it correlates well with the equilibrium data in Figure

8

As expected, the data in Figure 9 show that the polymeric adsorbent is

less effective in removing RDX. Data for only one cycle are shown but they

are characteristic of all three cycles. During each cycle, 1 ppm RDX leakage

I'.



occurred about one--qu•r-tr, into the TNT cycle in terms of volume of water

L treated oefore breakth'ough. There is also some indication that TNT may dis-

p]ae, iDX pi'eviusly A,1inrbed ori both thu polymeric adsorbent and activated

:arb,n. However, two of the four 1-inrch polishing columns proved completely

J'ffuctivu in removing 1,EDX leakage from the Column #i effluent. Because TIV.

leakage from Colnumn il iit.'ver exceeded 1 ppm, only RLUX was present in the ilu-

eot tL the polishing co!Lunin. Although neither of the two ion exchange resins

"was effoctive in removing this RDX leakage, both the polymeric adsorbent and

the activatrK• ' -,')on wure. Fther could be used as a polishing agent for con-

trolling total nitrobody concentration in munitions plant effluents.

Rlgeneration Procedure and Results

A major objective of the pilot study was to verify the ability to regen-

erate the loaded adsorbent for reuse, rather than having to discard it, as is

presently the case with activated carbon.

Column #1 was regenerated three times. The resin bed was drained and

flushed with compressed gas to remove interstitial water. The column was then

filled with acetone introduced upflow and the resin bed mixed with compressed

"gas. At this point, water still remained in the pores of the resin beads.

Next acetone was introduced at the top of the column at a rate of 0.125

gpm per cubic foot of resin with the effluent collected in 0.5 bed volume in-

crements and analyzed. Figure 10 plots the percentage concentration of dis-

placed water and total solids in the regenerant effluent after cycle #3 as a

function of effluent regenerant voeL .•e. It will be noted that 1.5 bed volumes

of regenerant displaced most of the water and provided the peak in solids re-

moval. Figure 11 contains a plot of nitrobodies removed from the resin as a

function of regenerant flow and shows that regeneration was virtually complete
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when 2.0 bed volumes had Ilowed through the resin. The remaining bed volume

waj then drained frcm the column and the column was flushed, backwashed and

returned to service. Total regeneration time reqaired about 4 hours.

Solvent Recovery

One uf the keys to the economics of this process is the ability to -cover

the solvent regenerant after it has been used. Laboratory tests suggest that

as much as 99% of the solvent can be recovered by dintillation (Ref. 6). More

Srecent pilot studies conducted with Artisan Industries confirm this conclusion.

After dioLillation of the solvent, the still bottoms consist of an aqueour

sludge of highly concentrated nitrobodies. Impact tests on dried samples of

this sludge indicate that it is much less sensitive to shock than either TNT

or RDX (Ref. 6). Using a 2 kg weight, a drop height of 22.3 inches was required

to obtain a 50% probability of detonation. Comparative values for TNT, RDX and

Composition B are 15, 3 and 14 inches respectively. However, the still bottoms

need not be dried. They can be pumped back to the wastewater influent sump or

settling basin where cooling will cause most of the nitrobodies to precipitate.

Those which do not precipitate will be returned to the adsorption process.

This closed loop approach keeps the nitrobodies wet at all times and completely

eliminates manual handling. As a result the process is much safer than tech-

niques presently used.

Proposed Process

On the basis of these studies a continuous adsorption process has been

proposed for the complete removal of nitrobodies from the IAAP waste stream

(Figure 12). This regenerable process would utilize two parallel polymeric

adsorption columns in the one-on, one-off mode and two smaller polishing

columns operated in a similar mariner.

WON"
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1l'h, pliishilg : 2wiis could use either additional polymeric adsorbent or

activated carbln. A a Iolishu•' Lth pulyineric adsorbent will efficiuritly re-

moveu vt-sIdual IL)X aiu' some color'. Beiqg capablu uf regeneration it will not

have Lo b,, disca'dou mwaiually after bucoLbing loaded with nitrobodies. However,

fur ctump'lete color removal actv~aLud carbon would be reqaired. Althougt L he

carbon caýiinun L-,, rugenerated, Mut1t, smallaer quantities would be used for iu1ch

lun•ger periods thau is now the casc. NeverLheless, the carbon would ultimat•.ly

hav L- ýo discarded making this p',.ishing technique the move hazardous of the

two.

Ferhaps the ultimate system would be to use p)olymerJ c adsorbent arid activated

carbon as polishers in series. The regenerable resin would remu\ residual RDX

and the carbon the residual color bodies. The relative safety of this system

is a matter of conjecture as the explosive nature of the color bodies is un-

kno wn.

Aftei" regeneration of the. exhausted polymeric adsorbent, the solvcnt would

be reclaimed by distillation and condcnsation, and the still bottoms would bu

recycled to the clarifier.

Estimates projected by Mason arid Hanger, Silas Mason Co., Inc. and the

Naval Anmunition Production Enginetoring Command (NAPEC) indicate that this

"process is significantly more economical than the present practice of contin-

uously replacing activated carbon. With recovery of the solvent regenerant,

operating chemical costs would be low. Concentration of removed nitrobodies

in an aqueous sludge would substantially reduce solid waste disposal problems

and hazards. Finally, the process would completely eliminate the discharge of

toxic nitrobodico to local streams.

r'.z
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V •FIGURE 1

This photograph of a macroreticular bead of non-ionic synthetic resin
polymer, obtained with the scanning electron microscope, clearly confirms
the microsphere-agglomerate structure of the macroreticular type resin.

0. m

Amberlite IRA-938
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FIGURE 2

Sperical beads of Amnberlite XAD-4. polymeric aasorbent magnified
approxitately 10 times.
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FIGURE 10

ACETONE REGENERATION OF AMBERLITE XAD-4
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FIGURE II
ACETONE REGENERATION OFAMBERLITE XAD-4

CYCLE NO. 3
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